genes with small effects rather than being a single gene disorder 4 .
In the search for potential genetic risk factors for substance dependence, much work has focused on genes involved in alcohol metabolism and neurotransmitter regulation. For example, the associations with AD have been investigated for the catechol-O-methyl transferase (COMT), gamma-aminobutyric acid (GABA) and nicotinic cholinergic receptor genes 4 . Given the relevance of serotonin to alcohol use and abuse, the serotonin transporter gene has also received substantial research attention 5 . However, genetic polymorphism of the alcohol metabolizing enzymes in the liver is perhaps the most significant and yielding area of research till date 4 . The COMT gene contains multiple single-nucleotide polymorphisms, some of which are postulated to have clinical significance 4 . Most studies concentrated on the Val158Met polymorphism 4 . Although there are a few reports indicating a positive association with COMT polymorphisms and addiction 6 , the majority of the studies failed to detect such a link between them 6 . Moreover, the association has been demonstrated both with the high activity (or the Val158) and the low activity (or Met158) alleles 7, 8 . Met polymorphic variant of COMT is associated with poor stress resilience and anxiety, whereas Val polymorphism has been linked with poor executive function, inattention, impulsivity which could be contributory for AD. Gamma-aminobutyric acid receptor A2 (GABRA2) has also been linked to alcoholism. Following systematic investigation by the Collaborative Study on the Genetics of Alcoholism (COGA), linkage disequilibrium has been established in chromosome 4 adjacent to the area for GABA receptor gene 9 . A significant association has been shown between multiple single-nucleotide polymorphisms (SNPs) in the GABRA2 gene and AD 9 . This result has been replicated in various studies 10, 11 . Later, the association has also been extended to other clinical and electrophysiological intermediate phenotypes 12 . In a community based study, it has been argued, 'The GABRA2 allelic associations found in clinical casecontrol studies have detectable but minor effects on DSM-defined AD in the general community'
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. Genes involved in the cholinergic system, especially the cholinergic receptor muscarinic (CHRM2), are also observed to be associated with AD 14 . The association has been replicated by a large independent study 15 . However, in both the studies, association was perhaps mediated by the presence of depression. A relationship has been implicated between particular allelic variations of the serotonin transporter gene [5 hydroxytryptamine (HT) transporter long promoter region (5HTTLPR)] and AD 16 . However, the genes that have been associated with AD most consistently are those encoding the enzymes that metabolize alcohol. Polymorphisms have been demonstrated in alcohol metabolism carried out through the alcohol [alcohol dehydrogenase (ADH)] and the aldehyde dehydrogenase (ALDH) enzymes. ADH1B (ADH1B*2) allele has higher enzyme activity and metabolizes alcohol to acetaldehyde, whereas ALDH2*2 is a slow metabolizer of acetaldehyde. Hence, individuals having both the polymorphisms are likely to have increased aldehyde level following alcohol consumption and the lowest risk for AD 17, 18 .
Although the underlying biological mechanism for addiction is expected to be the same across various population, the relative frequency of the allele in the population might affect the importance of a specific genotype. Considerable variation in the allele frequency of polymorphism of alcohol-metabolizing enzymes has been observed among different ethnic groups 19, 20 . This study was carried out to identify specific candidate genes for AD in a north Indian male population.
Material & Methods
This was a clinic-based genetic association study including cases of AD and matched, screened controls unrelated to the cases. A total of 210 alcohol-dependent male patients, attending the Drug De-addiction & Treatment Centre, Department of Psychiatry, Postgraduate Institute of Medical Education and Research (PGIMER), Chandigarh, India, were enrolled by convenient sampling. The control group included 200 non-related males from same ethnic background with exposure to alcohol but no alcohol use disorder. Those with a history of any other substance abuse/ dependence other than nicotine were excluded. Also those with mental retardation, or having psychosis, bipolar disorder were excluded from the study. The study period was from September 2010 to August 2012. Cases (patients) were diagnosed by administration of a semi-structured interview by a trained clinician using a modified version of Semi-structured Assessment for Genetics of Alcoholism-II (SSAGA-II). This interview generated lifetime diagnosis of AD according to the International Classification of Diseases (ICD-10) 21 as well as Diagnostic and Statistical Manual of Mental Disorders (DSM-IV) 22 . Controls were recruited from individuals who came for the purpose of genetic or drug studies in the department of Pharmacology and Experimental Medicine. All of them had used alcohol but those who were using it in pathological form (harmful use or dependent) were excluded from the study. Likewise, those who had used/abused any other substance were also excluded. Semi-structured instrument, SSAGA-II, was administered to all individuals for the assessment of alcohol use disorders. The control subjects were not blood-related with the cases. Family history of repetitive substance use was obtained from all the controls and those with a positive family history were excluded. Clinical details, including ethnicity, age at first use of alcohol, quantity of alcohol consumed (ml/day), duration of alcohol use, duration of AD and any other psychiatric or physical illness, were assessed and recorded.
All subjects gave written informed consent to participate in the study. The study protocol was approved by the ethics committee of the Institute.
Genomic DNA extraction and genotyping: Intravenous blood samples (6 ml) were collected in sterile ethylenediaminetetraacetic acid (EDTA)-coated vacutainers and stored at -20°C until processing for DNA extraction was carried out. DNA was isolated from whole blood using the standard organic method (Phenol-chloroform-isoamyl). SNP genotyping for all the polymorphisms analyzed in the present study was done using ABI TaqMan assay kits (Life Technologies, India) by real-time quantitative-polymerase chain reaction (PCR) on ABI 7500 fast real-time PCR system, Singapore. The oligonucleotide sequences of the probes for different candidate genes studied are given in Table I . Oligonucleotides were custom designed and procured from Life Technologies (India).
Statistical analysis: Statistical analysis between cases and controls with different genotypic profiles for different candidate gene polymorphisms was performed using the SPSS software (version 12.0, SPSS Inc., Chicago, IL, USA). Discrete and continuous variables between cases and controls were compared using Pearson's Chi-square test and unpaired t test as appropriate. The genetic association of alcoholism with different candidate genes in relation to polymorphic prevalence was evaluated using logistic regression to calculate odds ratio (OR) and 95 per cent confidence intervals (CIs) after adjustment for potential confounders. Power analysis was performed using Quanto (Version 1.0) (http://www.hydra.usc.edu/gxe). Genotype distributions were tested for deviation from the Hardy-Weinberg Equilibrium proportions using the HWSIM program 23 .
Results
Comparison of cases and controls with respect to their socio-demographic parameters demonstrated that there was no significant difference in locality, religion and family type between these two groups. However, the controls were found to be more educated (P<0.001) compared to the alcohol-dependent cases. The mean age of patients was 41.5±8.5 yr (39.2±4.73 yr for controls) and the average amount of alcohol consumed/ day was 722.9±490.41 ml/day. Mean age at first use of alcohol was 22.5±6.1 yr and duration of alcohol use was 18.5±8.3 yr; duration of AD was 10.7±8.03 yr in cases.
The genotype and allele frequencies of studied genes (COMT, GABRA1, GABRA2, 5'HTTLPR, CHRM2, ALDH2 & ADH1B) in cases and controls are shown in Tables II and III, 
COMT, catechol-O-methyl transferase; GABRA1, gamma-aminobutyric acid receptor A1; GABRA2, gamma-aminobutyric acid receptor A2; 5HTTLPR, 5 hydroxy tryptamine transporter long promoter region; CHRM2, cholinergic receptor muscarinic 2; ADH1B, alcohol dehydrogenase 1B; ALDH2, aldehyde dehydrogenase 2 (Table III) . No significant association of 5'HTTLPR, CHRM2 and ADH1B genes was found with the risk of alcoholism at both genotypic and allelic levels between the cases and control groups (Tables II & III) . ALDH2 gene was found to be monomorphic in our study population. 
Discussion
The present study examined the association of AD with genetic polymorphisms in various receptors, enzymes responsible for the metabolism of neurotransmitters and alcohol metabolizing enzymes. Our study revealed a genetic association of AD with the polymorphic variant of COMT, GABRA1 and A2.
Results demonstrated that from the standpoint of both genotype and allelic frequency of the COMT gene, the Met158 and the A allele were more frequently encountered in the AD group as compared to the control group. This finding translates to the lower activity of COMT enzyme which metabolizes dopamine, norepinephrine and other catecholamines in the brain, especially in the prefrontal cortex where the dopamine transporters are less expressed. Thus, in the presence of Met158 allele, there would be a higher level of dopamine in the brain. It has been shown that the Met allele impairs stress resilience and increased anxiety [24] [25] [26] . This allele is also found to be associated with pain-stress response, decreasing pain threshold and increased amygdala activity to negative stimuli 26 . All these psychological and intermediate biological phenotypes could add up to the vulnerability toward COMT, catechol-O-methyl transferase; GABRA1, gamma-aminobutyric acid receptor A1; GABRA2, gamma-aminobutyric acid receptor A2; 5HTTLPR, 5HT transporter long promoter region; CHRM2, cholinergic receptor muscarinic 2; ADH1B, alcohol dehydrogenase 1B; ALDH2, aldehyde dehydrogenase 2; OR, odds ratio 
COMT, catechol-O-methyl transferase; GABRA1, gamma-aminobutyric acid receptor A1; GABRA2, gamma-aminobutyric acid receptor A2; 5HTTLPR, 5HT transporter long promoter region; CHRM2, cholinergic receptor muscarinic 2; ADH1B, alcohol dehydrogenase 1B; ALDH2, aldehyde dehydrogenase 2; OR, odds ratio AD. Results from studies exploring the association between COMT and addiction are mixed. One study failed to find evidence for an association 6 ; while others indicated Val158 and Met158 as the risk alleles 6 . Studies on late-onset AD and Finnish social drinkers revealed an association of Met158 allele 8, 27 . Although in the present study, the age of onset of AD was not examined, from an earlier study conducted in the same clinic, the proportion of late-onset AD was observed to be much higher than the early onset AD 28 .
A significant association of AD was found with GABA receptor gene polymorphism. The preponderance of G/G genotype of GABRA2 in the controls indicated that individuals homozygous for the G/G allele had a low risk for AD. Li et al 29 found the polymorphic variant of GABRA2 (rs567926) more common in controls than the alcohol dependent group. Our results were in contrast with the study which showed a positive association of G/G genotype of GABRA2 with AD and other intermediate electrophysiological or clinical traits 12 . Moreover, the association was seemingly more meaningful for the severe form of AD 30 . In our study, although the percentage difference between the alcohol-dependent group and the control was relatively small, this could not be explained by sampling because of rigorous selection criteria employed and a reasonably good sample size. The effect of GABRA2 polymorphism is found to be mediated by the effect of alcohol in an individual or the common underlying externalizing disorders comprising illicit drug use, conduct disorder and antisocial personality disorder 9, 10 . In our study, we did not assess for these externalizing disorders. In the light of this indirect and complex interaction of GABRA and AD, it is difficult to explain the inverse association demonstrated. Moreover, the evidence for the strength of association available so far was strongest in Americans as opposed to the Europeans alluding to the possibility of ethnic variation 11 . The diverse ethnic background of the present study subjects could potentially explain the divergent result. In our study, GABRA1 polymorphism was also found to have a protective role from AD.
Although studies failed to demonstrate an association between GABRA1 and AD 4 , a study sponsored by COGA has found some association with DSMIIIderived AD, alcoholic blackouts and age of the first drunkenness 31 GABRA1 polymorphism was less in AD group as compared to the controls in our study. Polymorphic variant of GABA receptor is expected to have reduced functioning. Reduced functionality of the subtypes of these receptors (GABRA1/A2) is likely to alter the effect of alcohol in an individual, eventually resulting in lesser reinforcement and lessen the tendency to seek alcohol.
Our study failed to observe an association of 5HTTLPR, CHRM2 and ADH1B or ALDH2 polymorphism and AD. In the study population, ALDH2 was found to be monomorphic, and ADH1B allele was found to be present at very low frequency. Hence, the difference between the two groups could not be calculated. In a study from Indian tribal population, ADHIB was observed to be monomorphic 32 . For ALDH2, literature from India indicates the preponderance of the monomorphic genotype, like the Caucasians, Africans and Americans 19, 33 . Another study from the northern part of the country has also demonstrated high frequency of ALDH2*2 (G/G) in alcohol-dependent male subjects 34 . The monomorphic wild-type genes for the alcohol metabolizing enzymes in both study groups indicated a lack of underlying protection for the development of AD in the Indian population. Hence, the role of other genetic polymorphism would become more important for our population. There was no association found between SNP in 5HTTLPR and AD. Perhaps genetic polymorphism of 5HTTLPR could predict a specific subtype of AD, only in exposure to explicit environmental variables such as stress in the early life or presence of internalizing symptoms such as anxiety and depression, which are likely to interact and compound the effect of the polymorphism 4, 16 .
In our study the cases were selected from a tertiary care clinic, thus, the full spectrum of alcohol use disorder was difficult to obtain. Hence, our study had a limited scope of generalizability. In this study, only males with AD were considered, further limiting its generalization. AD is a polygenic disorder and there are multiple genes with small effect sizes 4 . We examined only a few of the allelic polymorphism among many which were shown to be associated with AD. Despite all these limitations, our study findings implicated COMT polymorphism conferring risk and GABRA polymorphism as a protective genotype for Indian male with AD. These results highlight the importance of candidate gene association studies in diverse ethnic populations and are expected to encourage further research in this area from India.
